The range of data-gathering equipment for patient monitoring is rapidly increasing. Unfortunately there is little uniformity in the display of information. The array of monitors selected at the author's hospital includes a carbon dioxide (C0 2 ) analyser, non-invasive arterial pressure monitor and pulse oximeter. To find the five values for the end tidal CO 2 • systolic and diastolic blood pressures, pulse and haemoglobin saturation it was necessary to scan thirteen digital displays. To overcome this ergonomic problem a microcomputer was programmed to gather the output from the three monitors on a single screen in the uniform format of trend displays. Table I lists the monitors that are used to transduce the physiological variables into analogue voltages. Any make or model of monitor that provides an analogue signal can be used without changing the program. Some monitors provide serial or parallel digital outputs. Although this provides a more accurate transmission of data there is a significant loss i'n the The first column lists the monitors used in this application of the program. The next column gives the values represented by the analogue output from the monitors. Amplifier gain is the setting of the matching amplifier. The output from this amplifier at full scale deflection (10 volts) is listed in the next column. The analogue-to-digital converter will convert this to a value of 255. This number is then scaled according to calibration data stored on the program disk. flexibility of the system. They require specific hardware links within the computer and dedicated software. A change of monitors would require both hardware and software modification.
J-l ardware
The analogue output from the monitors is fed through differential amplifiers with switched gains of I, 2, 5 and 10 so that a typically encountered full scale deflection will be represented by 10 volts. The gains for the monitors used are listed in Table 1 . The amplifiers are immune to output short-circuit and the current input is resistively limited providing total protection against an accidental input of 240 volts. The zero offset and common mode rejection are internally adjustable for each amplifier.
The output from the matching amplifiers is fed into an analogue to digital (AtoD) converter that is housed inside the computer. The eight-channel AtoD converter is configured around Analogue Devices AD7581. All eight channels are scanned approximately 1500 times a second and the input voltages, which range from 0 to 10 volts, are converted into numbers between 0 and 255. These numbers are stored in the chip's own random access memory so the entire process occurs i nd e pen den t I y 0 f the h 0 s t corn put er's microprocessor.
An Apple lIe computer (Cupertino, California) was selected to process and display the digitised information because it offered accessible graphics with acceptable definition at a reasonable price. Twin Apple 13 cm flexible disk drives are used to hold the program and data disks. An Amdek (Japan) green screen monitor is used for visual display. The total cost of the computer, disk drives and screen was AUD$1600 and the total cost of the eight-channel amplifier and AtoD converter was $500.
Software
The majority of the program is written in Pascal. This modular language facilitates modification of the program to tailor the displays for specific purposes; this may be necessary if the user wanted to change the format of the display or include the display of other variables. No programming knowledge is required to attach a different make or model of monitor. If a different monitor is to be used, the analogue output is connected to the matching amplifier and an appropriate gain setting is selected. A separate program is then used to perform the final calibration and this data is recorded on the program disk for retrieval by the main program.
The program disk is kept in drive 1 and this runs automatically when the computer is turned on. An example of the display is presented in Figure I . The upper left hand graph is the C02 waveform. In this Figure  1 .
The remaining three graphs are 30-minute trend displays. Every 15 seconds a new reading is added to the right end of the trend and the entire trend moves to the left. During each 14 second sweep of the CO 2 waveform the maximum and minimum C02 are recorded. These are displayed in the upper right corner as the CO 2 trend. Every 15 seconds the outputs from the Dinamap are scanned. If any of these has changed the program assumes a new reading has been taken and the blood pressure display is updated. The pulse rate taken from the Dinamap is shown as a horizontal dash in the leftmost (oldest) 15 minutes of the example. During the next 15 minutes the pulse oximeter was turned on. When the pulse oximeter is connected the program uses the pulse rate output from this monitor to provide a more continuous display of pulse rate.
The trend data is also automatically recorded on the disk in drive 2. This disk can hold over 12 hours of information which can be reviewed 'off-iine' by a separate display program. Selected sections can then be printed out for record keeping, academic or legal purposes.
Discussion
The display of information is as important as the information itself. With the increasing number and variety of monitors available there is a real danger of losing important data in a field of unrelated digital displays. An observer detects a change in pattern much more readily than a change in an isolated digital display. Trend displays promote pattern recognition. The widening gap between pulse rate and blood pressure in the example is easily recognised as potential hypovolaemia. Trend displays also provide an estimate of the rate of change of variables. This gives early warning of problems before preset alarm limits are reached.
The display of the five variables on a single screen provides a central focus for information display which allows the correlation of data from different monitors. The sudden fall in CO) in the example is associated with a minor -fall in saturation. This suggests an interruption to gas MONITORING AND PATIENT SAFETY return rather than gas delivery or exchange. (In fact the endotracheal tube had slipped into the pharynx.)
It was decided to include the CO 2 waveform in addition to the trend because of the additional information that this provides. One of the advantages of a microcomputer driven display is that waveforms and trends can be plotted at different speeds simultaneously.
The importance of ergonomic factors in the perception of information is discussed by Westhorpe elsewhere in this issue. This flexible system of information display has encouraged those concerned with its development to define their own needs for data display. The high acceptance of the resulting program has demonstrated the advantage of this approach.
Emergence and recovery from anaesthesia and surgery starts in the operating theatre and continues in the recovery room. Patients are observed, monitored and given life support in the recovery room as they emerge through the reversing stages of anaesthesia until they are fully conscious, with functional protective reflexes and stable vital signs. Complete recovery of function and mobility is usually only attained much later and the recovery period may extend into days. The long-term effects of surgery and anaesthesia may be reflected in minor irritating problems, 1 psychological sequelae 2 and impairment of mental activity.3
Morbidity and mortality in the recovery period
The Nuffield Trust analysis of 'Mortality Associated with Anaesthesia' revealed that 37% of the deaths occurred on the day of operation and that 4.6% died in the recovery room.4 Utting et at. analysed anaesthetic accidents reported to the Medical Defence Union of the United Kingdom and cited failure of postoperative care as being responsible for 9.5% of the cases of patients suffering either cerebral damage or death. 5 In a tenyear survey of a major hospital Harrison found that preventable anaesthesia mishaps were responsible for 2.2% of the total surgical mortality; the combination of respiratory inadequacy following myoneural blockade and inadequate postoperative care accounted for 30.3% of the deaths attributed to anaesthesia. 6 A similar finding was reported by the Special Committee Investigating Deaths under Anaesthesia in New South Wales. 7 They found that 9.5% of the anaesthetic-related deaths were due to incorrect reversal and inadequate postoperative supervision. An analysis of deaths associated with anaesthesia from 1952 to 1962 at a major Sydney hospital found that 40.1 % of operative deaths occurred in the postoperative period, most within four hours.8 A subsequent report from the same hospital showed that the incidence of deaths attributable to anaesthesia alone was 3.7% and that
